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Objective: To evaluate the association between twin weight discordance and maternal weight
change during the gestational period.Method: One hundred forty-seven twin pregnancies (Group
A: <25%, Group B:≥25% birth weight discordance) were analyzed using Student's t-test, χ2-test,
and two-way ANOVA at three gestational intervals: before 18 weeks, 18 to 28 weeks, and
28 weeks to birth. Result: There was no statistically significant difference between the two
groups involving maternal age, parity, duration of pregnancy, height, pregravid weight, and
conception method. Group A showed a pattern of constantly increasing maternal weight without
a significant change in the twin weight discordance throughout gestation. However, Group B
showed a fluctuation in maternal BMI with remarkably elevated twin weight discordance at
28 weeks to birth. Conclusion: The results suggest that in twin pregnancies constant maternal
weight gain throughout gestation is important for maintaining a twin weight discordance of less
than 25%.
© 2007 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd.
All rights reserved.KEYWORDS
Twin weight discordance;
Maternal Body Mass Index
(BMI)1. Introduction
Multiple births have increased substantially in recent years
due to the increased use of assisted reproductive technology
(ART) and the increased number of delayed pregnancies [1].
Although twin babies are usually more mature than singleton
babies at the same gestational age, intrauterine growth68 3128; fax: +82 2 558 1119.
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007 International Federation ofrestrictions and prematurity contribute to higher perinatal
morbidity and mortality in twin births rather than singleton
births [2–4]. High inter-twin weight discordance can have
health consequences to the babies, especially to the smaller
infant, which is influenced predominately by the uterine
environment [2,5]. Proper and balanced fetal growth is the
most important factor for an infant's health. Proper infant
growth is heavily dependent upon maternal nutritional status
[6–8].
Many studies have addressed the importance of appro-
priate nutritional ingestion by mothers. These studies haveGynecology and Obstetrics. Published by Elsevier Ireland Ltd.
Table 1 Characteristics in twin pregnancies
Characteristics Group A Group B
Twin with <25%
discordance
Twin with ≥25%
discordance
Number of pregnancy 109 38
Age 33.09±0.34 33.63±0.64
Parity 0.5±0.07 0.34±0.12
Duration of pregnancy
(week)
36.66±0.15 36.42±0.30
Pregravid weight (kg) 55.34±0.85 55.87±1.30
Height (m) 1.61±0.0 1.61±0.00
Pregnant status
Natural pregnancy 19 3
Artificial pregnancy 90 35
Race Asian Asian
Smoking No No
Alcohol No No
Maternal total weight
increase (kg)
17.52±0.53 13.02±1.04
Sum of fetal birth
weight (g)
4972.3±69.36 4634.7±111.12
Maternal BMI changes
(kg/m2)
Interval-I 0.53±0.10 −2.01±1.32
Interval-II 2.97±0.11 4.91±1.26
Interval-III 3.29±0.16 2.16±0.64
Twin weight
discordance (%)
Interval-I 8.29±0.67 11.54±1.25
Interval-II 7.79±0.55 13.19±1.38
Interval-III 9.07±0.55 32.92±1.16
BMI (Body Mass Index); Mean±SEM.
⁎p<0.05 between Group A and Group B.
Figure 1 Patterns of maternal BMI and fetal weight changes
over three gestational intervals.
177Twin weight discordance and maternal weight gain in twin pregnanciesalso determined the gestational ages that have the most
significant effect on twin birth weight [6,8–10]. In fact,
maternal weight gain is closely related to intrauterine growth
and birth weight [11–15]. Blickstein et al. [5,16] reported
that fetal growth discordance would decrease along with
sufficient maternal weight gain because this maternal weight
gain provides an appropriate uterine environment to nurture
both twins properly. These previous studies have focused on
the association between twin birth weight discordance and
maternal weight change over the entire gestational period.
In contrast, our study evaluates the relationship between
maternal weight change and fetal weight discordance at
different gestational intervals during twin pregnancy.
2. Materials and methods
2.1. Study population
The study population included all the twin births delivered at
Kangnam CHA hospital with an in vitro fertilization center in Korea
between February 2002 and May 2004. The study sample was
limited to pregnancies that met the following inclusion criteria:
(1) antenatal care by the Kangnam CHA hospital throughout the
pregnancy, (2) both twins born alive (3) 5-minute APGAR scores no
less than 7 at birth, (4) measurement of bothmaternal weight andfetal ultrasonographic weight at each hospital visit, (5) absence of
major congenital anomalies as documented by normal findings in
the newborn medical record, and (6) no hypertension nor
gestational diabetes during pregnancy. The twin pregnancies
meeting all the above criteria were divided into two subset
populations depending on the degree of twin weight discordance
at birth. The weight discordance was defined as the intra-pair
difference expressed as the percentage of the heavier twin's
weight. Group A included pairs with a <25% discordance and Group
B included twins with a ≥25% discordance.
2.2. Weight measurement
Maternal and fetalweight datawerecollected for threegestational
time intervals: Interval-I (before 18weeks), Interval-II (between 18
and 28 weeks), and Interval-III (between 28 weeks and birth). Two
expert obstetricians performed the ultrasonographies and esti-
mated fetal weight by the Hadlock's formula using biparietal
diameter, abdominal circumference, and femur length [17].
2.3. Study variables
The abstracted data included maternal age, parity, gestational
age, maternal size variables (height, pregravid weight, and Body
Mass Index (BMI: [weight/(height×height)]), race, smoking and
drinking alcohol during pregnancy, chorionicity (dichorionic or
monochorionic), maternal weight measurement, and fetal
weight estimated by ultrasonography at each prenatal care
visit, twin birth weight, and infant gender [10].
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Descriptive statistics were used to evaluate the relationships
among the variables described above. The rates of maternal
weight gain and twin weight discordance were estimated from
linear regression curves that were fitted to the measured
weights at each gestational period. The Student's t-test and chi-
square test were employed to identify significant differences
among the variables. A two-way ANOVA was performed in order
to test the difference in maternal BMI change and twin weight
discordance at each gestational interval between Groups A and
B. All tests were two-sided and the significance level was set at
α=0.05. The SPSS software package (Version 13 SPSS Inc,
Chicago, Illinois, USA) was used for statistical analyses.
3. Results
One hundred forty-seven out of 251 twin pregnancies met
our inclusion criteria. Based on birth weight discordance,
109 pregnancies were categorized as Group A and 38 preg-
nancies as Group B. Ultrasonographic fetal weight estima-
tion proved to be a reliable measure by a comparison of the
birth weight with the estimated fetal weight immediately
prior to delivery (Pearson correlation coefficient=0.748,
p=0.000).
Table 1 shows the maternal characteristics of the two
groups. The mean gestational ages were 15.57 weeks at theTable 2 Maternal and fetal characteristics according to chorioni
Characteristics Chorionicity
Dichorionicity
Number of pregnancy Group A 94
Group B 36
Age Group A 33.79±0.35
Group B 33.78±0.66
Parity Group A 0.46±0.07
Group B 0.25±0.10
Duration of pregnancy (week) Group A 36.66±0.16
Group B 36.35±0.31
Pregravid BMI (kg/m2) Group A 21.40±0.34
Group B 21.24±0.40
Sum of fetal birth weight (g) Group A 4988.73±75.80⁎
Group B 4631.08±113.69
Maternal BMI (kg/m2)
Interval-I Group A 0.52±0.11⁎
Group B −2.23±1.38
Interval-II Group A 3.06±0.12⁎
Group B 5.10±1.32
Interval-III Group A 3.31±0.17⁎
Group B 2.15±0.68
Twin weight discordance (%)
Interval-I Group A 7.60±0.71⁎
Group B 11.26±1.29
Interval-II Group A 7.80±0.58⁎
Group B 13.49±1.43
Interval-III Group A 9.0±0.61⁎
Group B 32.95±1.22
BMI (Body Mass Index); Mean±SEM, ⁎p<0.05 between Group A andfirst interval, 24.71 weeks at the second interval, and
36.57 weeks at the third interval. The study population was
composed of a single race and did not include any cases with
mothers who smoked or drank alcohol during pregnancy. We
found no statistically significant differences between the
two groups with regard to maternal age, parity, pregnancy
duration, height, pregravid weight, or conception method.
Total maternal weight gain and the sum of the twins' fetal
birth weights were significantly higher in Group A than in
Group B (17.52±0.53 kg and 4972.3±69.36 g for Group A
versus 13.0±1.04 kg and 4633.0±111.12 g for Group B,
respectively, p=0.005). Since body weight change can be
dependent on individual height, Body Mass Index (BMI) was
used in further analyses to counterbalance the effect of
height variance.
Themeanmaternal BMI changes for Groups A and B at each
interval were 0.53±0.10 kg/m2 and 2.01±1.32 kg/m2 before
18 weeks, 2.97±0.11 kg/m2 and 4.91±1.26 kg/m2 between
18 weeks and 28 weeks, and 3.29±0.16 kg/m2 and 2.16±
0.64 kg/m2 between 28 weeks and birth. Fig. 1A shows the
patterns of maternal BMI change during the gestational
period in each group. Group A exhibits a constantly increasing
pattern from Interval-I to Interval-II (p=0.000) and from
Interval-II to Interval-III (p=0.230). However Group B shows a
fluctuating pattern with a decrease during Interval-I, a
significant gain from Interval-I to Interval-II (p=0.000), and
a slight decrease from Interval-II to Interval-III (p=0.228).
The patterns of twin weight discordance change duringcity and gender of discordant twins
Gender
Monochorionicity With male Both female
15 77 32
2 29 9
31.2±1.00 33.14±0.38 32.97±0.74⁎
31.0±2.00 32.79±0.61 36.33±1.62
0.8±0.24 0.55±0.09 0.41±0.13
2.0±1.0 0.28±0.12 0.56±0.34
36.64±0.33 36.48±0.19 37.08±0.20
37.50±0.50 36.58±0.27 35.91±0.96
21.88±1.07 21.52±0.42 21.35±0.47
23.56±1.52 21.53±0.46 20.82±0.71
4869.33±172.2 4968.57±87.99 4981.28±106.84
4700±730 4622.72±114.80 4673.33±303.75
0.59±0.17 0.56±0.13⁎ 0.46±0.13⁎
0.73±0.81 −1.59±1.42 −3.62±3.25
2.42±0.17⁎ 2.87±0.12⁎ 3.22±0.26
1.37±0.17 5.10±1.44 4.28±2.76
3.16±0.44 3.22±0.17⁎ 3.46±0.35
2.30±0.75 2.01±0.38 2.63±2.53
12.63±1.45 8.62±0.81 7.49±1.15⁎
16.36±5.80 10.69±1.35 14.16±2.96
7.77±1.70 7.64±0.66⁎ 8.17±1.01⁎
7.70±4.73 12.78±1.66 14.48±2.48
9.47±1.28⁎ 9.00±0.67⁎ 9.22±0.95⁎
32.27±2.15 32.36±1.25 34.71±2.84
Group B.
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mean twin weight discordance for Group A at each interval
did not show any significant differences (α=0.05): 8.29% at
Interval-I, 7.79% at Interval-II, and 9.07% at Interval-III.
However, Group B showed a significant increase from
Interval-II to Interval-III (α=0.05), while there was only slight
increase from Interval-I to Interval-II: 11.54% at Interval-I,
13.19% at Interval-II, and 32.92% at Interval-III. Therefore for
Group B, the difference in twin weight discordance between
groups was marginal at early gestational periods, but became
much more significant at later periods.
Table 2 shows the mean values of maternal characteristics
with respect to chorionicity and fetal gender, two factors
which are known to have a significant effect on twin weight
discordance. Women with monochorionic twin pregnancies
were younger (p=0.021) and had lower parity (p=0.005) than
women with dichorionic twin pregnancies. In twin pregnan-
cies with at least one male infant, there was no significant
difference between Groups A and B with regard to age,
parity, pregnancy duration, and pregravid BMI. Pregnancies
with both female infants also showed no significant
difference between the two groups with regard to the
same maternal factors except for the factor of age.
Table 3 shows the two-way ANOVA test results. For this
test, the first factor was the twin birth weight discordance
with two levels (Groups A and B) and the second factor was
gestational interval with three levels (Interval-I, Interval-II
and Interval-III). The dependent variables were maternal
BMI changes and twin weight discordance at the three
gestational intervals. Groups A and B had clearly different
twin weight discordance at each interval (p=0.000).
However, if gestational intervals were not considered, no
significant difference in BMI changes were observed
between the two groups (p=0.223). When the gestational
intervals were considered, both twin weight discordance
and maternal BMI change were significantly different
between the two groups (p=0.000). Furthermore, when
twin birth weight discordance and gestational intervals
were considered simultaneously, both factors had a
significant effect on maternal BMI changes and twin weight
discordance (p=0.000).
Twin pregnancies with less than 25% discordance at
delivery showed a pattern of constant maternal weight
gain and no significant change of twin weight discordanceTable 3 2-Way ANOVA test: the differences of maternal BMI chang
each gestational interval
Variables Mat
Gro
Interval-I 0.5
Interval-II 2.9
Interval-III 3.2
p-value for main and
combined effect
Twin birth discordance 0.2
Gestational intervals 0.0
Twin birth discordance and
gestational intervals
0.0
BMI (Body Mass Index); Mean±SEM.throughout the gestational periods. On the contrary, in the
twin pregnancies with more than 25% discordance at
delivery, maternal weight change showed serious fluctuation
throughout the gestational periods. This weight fluctuation
might cause a remarkable increase in twin weight discor-
dance during the third gestational interval. These observa-
tions suggest a relationship between maternal BMI change
and twin weight discordance, although the correlation
analysis did not show any statistical significance due to
wide variances in maternal BMI changes and in twin weight
discordances (data not shown). The apparent combined effect
of twin birth weight discordance and gestational intervals on
changes in the maternal BMI as well as twin weight
discordance indicates that twin birth weight discordance can
discriminate different patterns of maternal weight change at
each gestational interval. This implies that the pattern of
maternal BMI change might have some effect on twin birth
weight discordance because maternal BMI change is a causal
variable instead of an effect variable. In conclusion, the
results suggest that in twin pregnancies constant maternal
weight gain throughout gestation is important for maintaining
a twin weight discordance of less than 25%.
4. Discussion
With the advanced and prevalent uses of ultrasonography,
fetal biometrics during pregnancy have become more
accessible, leading to the successful estimation of twin
weight discordance. In this study, a retrospective chart
review was performed on 147 twin pregnancies that satisfied
various inclusion criteria. In order to focus on the patterns of
variation in maternal weight gain and fetal weight dis-
cordance, eligible twin pairs were divided into two groups
depending on birth weight discordance. These two groups did
not show significant differences for any other factors. The
patterns of the mean maternal weight change in twin preg-
nancies agreed with previous reports, although the actual
gestational intervals were slightly different from this study
[13,14,18].
The present study has found that the weight discordance
of twins at an early stage remained unchanged as long
as maternal weight constantly increased throughout preg-
nancy. However, we observed that pregnancies with higher
discordances had slight decreases in maternal weight duringe and twin weight discordance between Group A and Group B at
ernal BMI Twin weight discordance
up A Group B Group A Group B
3±0.10 −2.01±1.32 8.29±0.67 11.54±1.25
7±0.11 4.91±1.26 7.79±0.55 13.19±1.38
9±0.16 2.16±0.64 9.07±0.55 32.92±1.16
23 0.000
00 0.000
00 0.000
180 K.J. Lee et al.early-pregnancy and significant weight gain during mid-
pregnancy. An abrupt increase in maternal weight at the mid-
pregnancy stage might aggravate twin weight discordance
by limiting the maternal weight that is gained in late-
pregnancy. These dissimilar patterns of maternal BMI
changes and twin weight discordances between low and
high birth-weight-discordant pregnancies have also been
found in other factors like chorionicity and discordant gender
[19,20].
Though twin weight discordance occasionally accompa-
nies adverse perinatal outcomes, it is not always an
indication of abnormal fetal growth. In recent studies,
inter-twin birth weight discordance was reported to be a
normal growth variation [5,9,21].
This study suggests that constant maternal weight gain
throughout the gestational period in twin pregnancy is
important for keeping twin birth weight discordance low.
During antenatal cares, infant nutrition can be controlled
by managing an appropriate maternal weight. Modern
advanced technologies have made it much easier to
examine fetal developmental status. Therefore, it is
strongly recommended that proper nutritional intervention
be provided from an early gestational stage and that an
inter-twin growth evaluation be performed frequently in
order to minimize adverse outcomes by high weight
discordance in twin babies.
The limitations of this study include its retrospective
nature, small-sized study population (n=147), exclusion of
other fetal biometric data from ultrasonography, and low
frequency of examination. Despite these limitations, our
results suggest that an appropriate and constant maternal
weight increase during twin pregnancy can lead to lower
twin weight discordance throughout the pregnancy and
maternal weight gain can be used as an indicator for ab-
normal twin weight discordance.References
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